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TECHNICAL, MEMORANIUM NO. 1178

INVESTIGATION OF THE OPERATING PROPERTIES
OF THE LEAKAGE CURRENT ANEMOMETER*

By Wilhelm Fucks

Abstract: Freedom from inertia, erosion of electrodes, and reaction
make the leakage current particularly appropriate for the
nmeasurement of flow velocitles in gases. Apparatus
previously desoribed has now been improved by reducing
the size of the electrodcs by one one-~thousandth, as is
necessary aerodynamically, and by increasing the magnitude
of the current from 1000 to 10,000 times; the latter
result was obtained by use of mercury high—-pressure lamps
get up at the one focal point of an ellipsoidal reflector
with the cathods arranced at the other focal point or by
use of suitable X—ray radiation. Families of calibration
curves werc taken with a number ol vivid tests condltions
of the greatest varicecty and the operating properties of
the instiument we.e widely elucidated by calculation of
the sensitivity to fluctvration; this was done at first
ror operatlion at statlonary conditions only; due to the
freedom from inertia the instationary conditions were
thus alsc zsiven. Accordingly, the leakage current
anemometer onght to be eppropriate Tor investigations of
turbulence.

Outline: 1. Statement of the problem

2. Increase of the leakage current by use of strong means
of radiation and reflection optics

3. Effect of Induction. The problem of grounding,
Transition to the glow discharge

4, Families of calibration curves with UV-radiation
5. About the theoretical and experimental determination

of the sensitivity to flow fluctuations of the leakage
current anemometer.

*"Untersuchung der Betriebseigenschaften des Vorstromanemometers.”
Zentrale flir wissenschaftliches Berlchtswesen der Luftfahrtforschung
des Generalluftzeugmeisters (ZWB) — Berlin-Adlershof, Untersuchungen
und Mitteilungen Nr, 1203. Aachen, February 4, 19ik,




2 ' : ’ ‘ S NACA T No. 1178

6. Tests with various materials for electrodes
7+ Experiments in a strongly inhomogeneous field

8. Preionization by means of X-rays

9« Summary

1., STATEMENT OF THE PROBLEM

The firast treatise on the leakage current anemomster (reference 1)
atarted from the fact that it was unknown at first whether by leakage
currents fields of calibration curvesa are at all obtainable and
whether in the affimmative casze they can be utilized anemometrically.
This problem was cleared up completelys Fields of calibration curves
were talken by various kinds of preionizations, (ultra=-violet
radlation, radio-active radiztion). The measuring apparatus were at
first arranged for stavionary flow phenomena exclusivoly. The
absolute amounts of amperages of the dark currents had the order of

10 e lO-lo amMperes .

megnitude 10
In the same treatise a theory of the calibration curves
was developed.

The present treatise starts fiom the statement that the
amperages of the fields of calibration curves measured so far which
were fully sufficient for the measurements of staticnary air flows
were about 10,000 times too small for the measurement of finer
fluctuations. Moreover, the size of the electrodes used so far was
from an aerodynamic point of view more than 100G times too large.

In order to obtain larger currents, first of all experiments
with newly develcpsd ultra-violet lamps were carried out. For
further amplification of the current, experiments were made with a
guartz optic, then with a metal refloctor. With the aid of the
latter arrangement the desired increase of the current to 10,000
times 1ts magnitude could be obtained even with a smzller modsern
ultra-violet lamp although the sige of the cathode compared to the
earlier experiments had to be reduced to about one=-thousandth.

Also, experiments with preionization by X~rays could be carried
go far that finally an increase of the current to 10,000 times the
amperage of the earlior experiments was obtained.
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Meanvhile a strong radio-active préparation became available,
which is-being tested at the time; a brief report about these tests
will be made.’

After the desired increase of the current to a satisfactory

" valve was obtained, families of calibration curves were taken with
electrodes of aerodyndmically usable form under the various operating
conditionsof intlerest and were evaluated.

Following, a more detailed report is given about the enumerated
treatises.

2, INCREASE OF THF LEAKAGE CURKENT BY USE OF STRONG

MRANS OF RADIATION AND REFLECTION OPTICS

In the first treabtize zbout the leakage current anemomster
(reference l), where UV-radiation was used for preionization one did not
succeed in taking fieldn o calibration curves for a homogenecus
© field with wind velocities up to 125 meters per second. With means
available at the beginning the taking of families of calibration
ourves proved to be poasible only with a strongly inhomogeneous
arrangeuent of electrodes.

Quantitatively there resulted for a homogeneous field and very
large sizes of electrodes a spurlous current of the order of wmagnitude

of 10711 amperes (reference 1, fig. 29). For the inhomogeneous
field there resulled from & cathode plate of 30 millimeters ¢
opposite a point ag ancde a spurious current of about 10-10 zmperes .«
The leakage current values whers anemometbtric meassurement could be
applied are two to [ivo times higher.

The calibration curves of the first treatise measured with
preionization by o~rays show amperages ol the same order of
magnitude (figs. 1, 39, and ¥1).

In this chapter the furither development with UV-radiation
will be described. The arrangements treated in chapter 1 still had
two essential disadventages for practical purposes: the sizes of the
electrodes were about 1000 timez too large and the densities of the
currents about 10,000 times too small.

The problem to be solved consisted therefore of reducing the

- electrodes to very small cross sections of the order of magnitude of
1 millimeter® end obtaining, as far as possible, in splte of this
reduction higher amperages than had been measured so far. With the
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former radiation ore obtained for an elsctrode of 30 millimeters ¢
spurious currents of shout 5 X 10~10 amperes. The production of
spurious electrons can be assumed as distributed — Lo some extent —
evenly over the cross section. I{ one reduces the cross section
from 30 millimeters to 1 millimeter, there results a cross—sectional
reduction at the ratio T706:0.8, that is, to about one--ninshundredth.
With aid of the old means of radiation one obtains thus a spurious
current amperage of aboul 5 X 10~13 amperes,

With this amperage there was no prospect of performing the
measurenent of fluctuations. If one assumes Tor it several thousandths
to hundredths of the orliginal current, one obtains Tluctuations of the
current of the order of magnitude of 10T J to 10“16 amperes, the
amnlifTication of which encounters, for the available Trequencies,
unsurmountable difficulties.

The first goal was therelfore to increass the spurious current
density by at least four powers of ten by using new means of
radiation. The firm Osram was kind enough 1o place moderm high—
pressure mercury vapor lamps at our disposal for the desired purpose.*

The lamp was at first placed in & casing according to figure 1.
With its aid a leakage current curve according to figure 2 was taken.
The arrangement of the electrodes was here already reduced to
aerodynamically useful dimensions: platinmum electrodes of about
1 millimeter ¢, distance of the electrodes 2 millimeters. Neverthe—
less the currents lie still between 10-8 and 10-7 amperes.

Figures 3 and 4 show the installation of a lamp 10 times as
strong. With this lamp a leakage currsnt curve according to Tigure 5
was obtained, with platinmum electrodes of 1 millimeter ¢ and
a distance of electrodes of 3 millimeters. Here the currents are
already esbout 10G~° amperes in spite of the small sizes of the
electrodes, However, the lamp is rather large and, due to the high
DC amperage, the operation is dependent on the correcponding voltage
source.

Thus one proceeded 10 a better vtilization of the radiation of
the lamps; first, an attemplt was madce to concentrate the radiation
goming through a large solid angle through a2 quartz optic to the small
cathode suriace. The calculated lenses could not be procured within
reasonable time; no good results were obtained with special but
rather inappropriate lenses,

Therefore, a metal reflector was developed, the reflesctor surface
of which takee the form of a nickel-plated copper cap of an ellipsoidal

I want to extend my thanks to the executive director of the
Society for Study of Electric Illumination, Dir. Ewest, and also to
Dr. Rompe, for their kind cooperation.

I |
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shapes The initial conceéption wad as folldws: if one places the
UV-discharge at the one focal point .of ap ellipsoid, it will be
poesible to concentrate a la¥pe Part of "the’ raaiatwon through the
reflector at the other focal point of the ellipsoid. Nickel was
seleocted becawse this material has for UV the strongest reflection
coefficient. The photographs (figs. 6(a), 6(b), ‘end 7). show the
reflector with-conical casing, lamp, ahd the arrangement of the

+
'
Lo

" The electrodes (small’ platinum vires with small arc uelded

“8pheres at the ends) are addustab]e by micrometer screw. Both
'electrodes are fastened on tall amber supporis (Fire T)o.

Concernlng the path of the rays 1t is to be noted that, Tirst,
the gource of radlation is not a point source and that, second, the

’ course of the rays is influenced by the quartz wells of the lamp «

The focal point must therefore be ascertained by experiment. .

'Fiﬂufe 8 is to show the cffect of the reflecter, With reflector
there resulted for a distance of the electrodes of 2 millimeters the

1amperage pressnted at the left yrith vnltare of 1,2 kv. With the

reflectnr gcreved off, n~ hweasurable current resulbeﬁ_omen‘for 2 Ky

Thus with the new arrencements and expediecnts there resulted an
increase of the current density by geveral povers of ten if the
cathode of the anemometer was placed well intc the outer focal plane.
This is shown in’ figure 9 for the two distances of the electrodes
2 and 3 millimeters. For L = 3 millimeters, one measures already
currents up to about 9 ¥ 107° amperes. Therewith the desired
amplification of-the current to 10,000 times its nrevious value is
obtained, although the cross section of the electrodes was reduced
to one- uhousandfh of its former value; thus the entire arrangement

wvas improved 106 to 107 times compared with the former arrsngements.

Figire 10 shows the comparigon of two calibration curves for
radiation of different intensity, other circumstances being equal.
Electrodes 1 millimeter ¢ Pt, distance 1 millimeter; curve A
gtrong radiation, U, = 5100 volts, curve B wéak radlation,

= 6580 volts o‘

Figurés 11 and 12 are given as a supplement; they show in two
different representations test resultes obtailned elsevhere with
another lamp, after reerection of the test arrangement.

28 = 26 millimeters and a = 56 millimeters are the lamp distances.
The voltages are sometimes no unique measure for dJye.
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3. EFFECT OF INDUCTION, -THE PROBLEM OF GROUNDING.
TRANSITION TO THE GLOW DISCHARGE

A few operating peculierities of the leakage-current anemometer
with UV-radiation will be briefly discussed in this chapter,

Particularly in case of strong radiation, of lerger distances
with strongly inhocmogeneous field condltions and of aptly selected
resistance 1t happens that the leakage discharge changes almost
jmperceptibly into a "glow discharge” which keeps burning even after
the radiation has been discontinued by covering the UV-lamp or
disgonnecting the lamp, The discharge then burns on the calibration
ocurve of the so-called glow dlscharge,the properties or which are
well known with auwperages of about 1072 amperes, If one, therefore,
wants to work at higher amperages and larger distances of electrodes
(ordor of magnitude 10~D amperes and about 3 millimeters or more
distance) and attaches importance to avoiding the glow discharge
with its pecullarities one must make sure, by covering the lamp,
thaet one really still dealis with currents in the Townsend region.,

In this case the current reverts whon the radiation is discontinued
sharply to zero and one can ascertaln, by employing & galvanometer
sensitivity 100,000 to 1,000,000 times as high that the remaining
current actuelly is only an isolated current error of permissible
magnitude. One can also use the glow dlscharge anemcmetrically, as
wllil be dlscussed in detall In another treatise.

In veing the leakage current anemometer, particularly fer
larger ratios % (L distance of the electrodes, r radius of the
electroles), ene also has teo take the inductive effect of objects
nearny into consideration; in particular, the influence offect of
the leads, the supports, and the protective casing at the reflector
of the UV-lemp and, for instance, of the blower nozzles, The
following experiment shows the influencing efiect:

For a distance of elesctrodes of 3 millimelers, plaiinum electrodes
of 1 millimeter ¢ +the lamp with its protective casing is to be
completely eliminated, The voltage 1s bto be measured under these
conditions. The voltage then is adjusted to a value gbout 5 percent
below the ignition voltage., If the lamp which is at the potential
of the earth is brought near the sparh gop, ignition occurs at a
distance of the lamp casing {rom the spark gap of sbout 6 centimeters,
although the voltage liex 5 percent below the lgnition voltage of the
unaffected spark gap (Compare reference 2.).
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The following observation is interesting and important for the
operation as well as for Judging the significance of the theory of
the anemometer: namely, by reversing the polarity of the spark gap
in the circult of figure 13, under certain operating conditions the
current will diop to a very small value. us, for instance even
with the most intense radiation, with, Tor example, electrodes of
platinum of 1 millimeter ¢ and a spacing of 3 millimeters, the
current through the spark gap will be emaller by several powers of
ten than that measured using the polarity shown in figure 13,

This fact is comnected with the one side —~ grounding of the
spark gap as can be recognized fxom the following consideration:

One first assumes both electrodes of the spark gap isclated and
at the potentials wujy and wupy, respectively, with respect to

ground. The potential dlfrervence of the spheres shall be designated
by uvjo. The correusponding partial capacities of the upheres with

respect to the earth and oune another shall bec designated by ¢310,
Gpp, and cjp. The charges of the spheres are denoted ¢y and qo.
Then the following relations are valid:

4 = %30%Mi0 * C12"12 L
7 (1)
4p = Coqlpy + Cpplpp J

Considering at {ivst the symmetric potential distribution with
opposite equal charges these equations are specllized as follows:

Q= "9 C1p T Cpyi Wp T Uy (2)

.

94 = C10%10 * 1212

: > (3)
4y T C1oMp T %ol '
O = eyquyg + (635~ 03p) Myp + Opgia ‘
> (L)
C10%10 = “C20Y%2 ©F q30 = —G9gp J

which is evidently clear at once.
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If the second electrode is grounded, the equations (1) are
specified as follows:

Upp = 05 Wy =Uyp =1 (5)
4y = (o34 + c9p0) ® 1
g (6)
92 =% ¥ j |
thus
jal 10
R e
qel T (1

One now considers two limiting cases: first, the distance
of the spheres I is ascumed small compared to the shpere
radius r:

L

7 <1 (8)
Then
°10
—_—_ <L 3
1o (9)

is valid, and therewith from (7) in first approximation
= lqe‘ (10)
as in the symmetrical problen,

Thus the maxim'm field strength in the center of the two
spheres in (1) practically equals the corresponding field strength
in (2) since here, in air, the fields are determined from

ggﬂldfl = qy jﬁﬁgdfg = Q5 (11)

respectively; second, the distance of the spheres is assumed large
in comparison to the sphere radius. Then one writes with

L
- >
7 > 1 (12)
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¢10
=2 (13)
Ci2

apbroximately: ’
fl. 2w (14)
9p €10

That means, there is nov a4 >> dp and therewith the maximum

field strength on the isolated sphers alsgc is large in comparison
with the maximum field otrength on the grounded sphere, (Compare
referencs 2.)

If a dark current {lows between the electrcdes, thls circumstance
gives rise to very different ccnsequonces, according to whether the
grounded cphere is cathode or anode.

If the grounded sphere 1s cathode, a number ¢f electrons- is
freed from it by the photo-electiric preionization, and the electronic
avelanche swelling in the direction from the cathode toward the anode,
enters the strong {ield abead of the anode. Thus a very strong
ionization occurs and one obtaing a high leakage current.

It is diflerent when the grounded electrods is the anode. The
photo-electricnlly freed electrons are then rapidly conveyed from the
strong field - inteo a weak field - region at the anode and the
electronic avalanche finds Just al the places, where it reaches in
the homogenecus field its very high values, no longer a strong
accelerating field. Thus result the weak currents for this arrangement
of poles.

This stete of things must be taken into consideration for the
comparizon of the results of the earlier developed theory of the
families of calibration curves (reference 1 p. 29 ff.) as well as for
the theory of the sensitivity to fluctuation of the leakage current ane-
mometer (reference 2). The theory ls strictly valid only for
homogeneous fﬂeld that is, for a circuit as shown in Tigure 13 the
more accurately the greater the inequality

L1
1?

is satlafied.
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4, FAMITIES OF CALIBRATION CURVES WITH UV—RADIATION

In order to get to know the propertles of the new arrangement
(fig. 7) with very small electrodes and also considerably reduced
distances of electrodes under various operating conditions, families
of calibration curves were taken for the three mentioned dlstances
of electrodes of 1, 2, and 3 millimeters, which are plotted in
figures 1k, 15, and 16. .

For 1 millimeter distance the sensltivity of the arrangement
for stream velocitles up to 20 meters per second is rather strong,
Between 20 and 75 meters per second the sensitivity drops to a small
fraction. For the larger distances of electrodes the sensitivity is
distributed more evenly over the entire fleld of calibration curves
as can be seen clearly in particular from figure 16 for a distance of
the electrodes of 3 millimeters,

The families of calibration curves of figures 1k, 15, and 16
are sufficient to determine quantitatively the sensitivity of the
enemometer to fluctuations of the flow velocity. This 1is carried
out in the following chapter,

The Junction of the calibration curves with the abscissa was
here and in several following diagrams not taken so exactly as in
the former ones since it was no longer of interest.,

5« ABCUT THE THEORETICAL AND EXPERIMENTAL DETERMINATION OF
THE SENSITIVITY TO FLOW FLUCTUATION OF THE LEAKAGE

CURRENT ANFMOMETER

In order to see whether measurements of fluctuations of the
desired accuracy are possible by means of  the anemometer and under
what operating conditions the prospects are most favorable, the
sensitivity to fluctuation of the leakage current anemometer had to
be determined, Therefore a theory of the sensitivity to fluctuation
of the enemometer was developed and numerically evaluated (reference 3).
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'The theoxry of* the callbration curves developed in reference 1
gives for the drop AJ of the current below the current dJ, at

zero velocity for the stream veloclty vgi

AT _ vp 6mqr (on) _JF (1)
Jo ek oH do

Therein represented, as was'partly mentloned already,

OF drop In current with flow

do current through gap with no flow

3 stream velocity ip centimeters per second

e electric charge of ions

E nucruscaople fleld atrength

7 viscogity of gos

r radius of effective cross section of gap molecules
o electronic ionization coefficient

L distance of electrodes

H height of electrodes (for rectengular cross section,

width of electrodes 1l centimster)
Jy spurious current

According to referencs 1 one should asubstitute for the funciion
v(ah) 2

Woh) = —2 ) (2)
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The function is reduced for larger distances of the
2
electrodes with 108 >> 1 and <E%ﬁ> << 1 %o

Waw) w21 (3)

and the "influence function" ‘J'—g—gb—)- becomes in approximation

ah
5 ™ 2

o

g (4)

If one defines a relative anemometric sensitivity to fluctuation
(J amperage, v stream velocity, AJ change of J for change
of v by 4v) as

e (5)

nvel- = AV/V

sn absolute gensitivity to fluctuation as

LE /R
abs, = = 1/em/sec (6)
and a fluctuation ratlep ng = ﬁ-—g as

= &£ _Amp, . )

"S T v cm/sec

one has according to the theory for the absolute amount of the
relative enemometric sensitivity to fluctuation

i Y {ah VB ah
T].V_el. = -—--—C(d(; -‘-'*—n-'.:’ B [l + ‘.—V*'— ‘K—'—'—""'GH) ‘] oY (8)
11 11

in second -~ lowest approximation:
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_ \l’(dh) VB
nvel. = .:J-Z—:L-
with
Vyg = £
11 611’T]I‘

the other defined magnitudes follow thorefrom.

Numerically there resulted for instance for a distance of
slectrodas of 3 millimeters, an operating voltage of 80 percent of
the ignition voltage and a mean flow velocity of 100 meters psr
second & relative sensitivity to fluctuation of 15,3 percent.

This result signlfies that for an absolute sensitivity to
fluctuation of the order of magnitude 10-"% to 10-5 and with
amperages of the order of magnitude 1 .., l/lO ramperes there
results a Tluctuation retio of 10—l to 10-12; that is with
fluctuations of the air fiow of 1 meter per second there results
fluctuations of the electric current, the amplification of which for
turbulence frequences appears barely discussable,

According to this result it seemed advantageous to supplement
the theorctical investigation of the sensitivity to fluctuation
by an experimental investigation., Therefcre the frmilics ol calibra-—
tion curves of figures 1lb, 15, and 16 were taken and the "voltage
curves" of figures 17, 18, and 19 determined from them.

The curves glve for {ixed voltage the amperage as a function of
the stream velocity. The steepness of the curve is a measure for
the fluctuation ratio, It decreases with increasing stream velocitye.
For smeller voltages and distances of electrodes it finally tends
toward a constant value.

With increasing mean stream velocities the condltions become
the more favorabls the more the separation of electrodes and the
fixed voltage increas~. This can be seen pariticularly
clearly by comparing figure 17 with figure 19, For 3 millimeters
separatlion of electrodes (fig. 19) one has a sufficient Fluctuation
ratlo for every stream velocity frem O +to 120 meters per second.
With smaller mean stream velocities the fluctuation ratio increases
considerably here also,

This 1s not synonymous with an Increase of the relative
anemometric sensitivity to fluctuation toward smaller values of the
meen stream veloclties and a decreasse toward large ones, In figure 20
and flgurs 21 the relative anemcmetric sensitivities to fluctuation
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of the two arrangements of 2 millimeters end 3 millimeters distance

of electrodes are plotted. . The points marked are calculated values.

In spite of the variations in single cases it is obvious that the
plotted average values of the curves, in particular for the lower
voltages, increase monotonously with rising stream velocity. This

is true to the theoretical expectation: (reference 3 equation (11)

and reference 3 p. 8). The theory is supposed to agree according to its

hypothesis (homogeneoug symmetrical field, ¥ = O; %?—<< 1, £¥;<< n

the better the smaller voltages, the larger the stream velocities
and the smaller the distances of electrodes.

Viewed absolutely, the measured values .of the relative sensi-
tivities to fluctuation are slightly higher than the calculated
valuss. For instance, the values for distences of the electrodes
of 2 millimeters and 3 millimeters are of the order of magnitude of
one-tenth to one (figse. 20 and 21).

Figure 22 gives the absolute sensitivity to fluctuation for
3 millimetsrs dictance of electrodes determined from measurements .
According to theory it should be independent of the stream velocity
and should increase with decreasing voltage (reference 3 equation (15)).
The latter statement is at least qualitatively confirmed by the
experiment: the first conclusion of the theory should agree the
better the larger vy as shown alsc in figure 22.

The result of the experimental determination of the sensitivity
of fluctuation is therefore that one can, for mean amperages of the
' 1

leskage current of the order of magnitude between 1MA and i66uA

for fluctuations of turbulence of the flow velocity, count on current
fluctuations of the order ol magnitude of 1077 1o lO-l amneres .
These are fluctuations which, for turbulence frequencies, are in
principle controlleble by the amplifying technique. Of course one
must not fall to recognize that the tests reguire that the entire
measuring apparatus and the voltage supplios are required to be very
steady and free of disturbances and that special consideration must
be given to reducing the capacities resulting from the construction
of the apparatus.

6. EXPERTMENTS WITH OTHER MATERTIALS FOR ELECTROIES

As set forth.in the.last chapter,there results for UV-radiation
Tor platinum electrodes of 1 millimeter ¢ there is a basic
poesibility of examining minute fluctuations in the velocity of flow
of air; however, the requirements for freedom from disturbances and
for stability are extremely heavy. Thus the problem arises whether



B

NACA ™ No. 1178 i5

it is not possible, by selection of different materials for the
electrodes or by different shapes of the electrodes, to create
different conditions where the requirements of constancy of the
voltage source and of freedom from disturbance for the entire
arrangement are not so extreme, In this chapter a few resulis of
tests with zinec and with aluminum electrodes will be reported.

Earlier tests were made with nickel electrodes: no difference
between the calibration curves for nickel electrodes and for platinum
electrodes could be ascertained. In figure 23 the calibration curves
of the dark current were taken for zinc electrodes of 1 millimeter
for three different disbtances of the electrodes. As far as form is
concerned, their course does not show any essential dlfference from
the corresponding curves for platinum electrodes. Ths order of
nagnltude of the currents also is entirely ldentical. The course of
the cealibration curve for 3 millimeters distance of electrodes which
is gquelitatively slightly different may depend on reasons as they
were gtated in chapter three.

Figure 24 shows a family of calibration curves with zinc
electrodes, figure 25, the corresponding voliage curves. The conditions
are quite similar to those for platinum elecirodes, as a comparison
with the voltage curves of figure 19 will show.

It shall be noted here that the differences in detall of the
various curves which bear the same designation are caused by the
fact that identically labeled curves of this paper can be taken
vith different spurious currents as the lamp used to indicate ilhe
gpark gap must be readjusted cach time. Although one endeavors to
bring the cathode exactly into the outer focal plane of the reflector,
one succeeds practically only to a more or less good degree.

Since zinc 1s considersbly less stable in air than platinum and
since it does not offer any essential advantages, compared with
platinum, as shown in the figures, platinum will be prefersble.

Another test was maede with aluminum electrodes. The results are

plotted in figure 26. TFor aluminum also there were no advantages
compared with platinum. ‘

T+ EXPERTMENTS IN A STRONGLY INHOMOGENLOUS FIELD

The results of the treatise I (reference 1) had shown that compared

with the homogeneous field, the inhomogeneous field condition offers under

certain circumstances much greater possibilities for influencing the
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vesults. This fact gave rise to the taking of fields of calibration
curves under conditions of a strongly inhomogensous field, Neverihe--
less, one tock pains to keep the dimensions for the arvangement of
electrodes very small,

Thus an arrangement was selected with an iridium wire of
1/2 millimeter ¢ as anode and a Tins nickel foil as cathode.
Fields of calibration curves for distances of 2, 3, and 4 millimeters
were taken (figs. 27, 28, and 29).

There appears at once the remarksble result that the currenis -
obtained under otherwiss equal conditions are sbout five times
larger than for the arrangements discussed so far. However, an
attentive observer wi%l notice immediataly that the voltages involved
here lie between the threshold voltage of the glow discharge and
the breakdown voltage.

The calibration curves of Tigures 27, 28, and 29 are therefore
for the most vart calibratior curves of a radiating glow discharge.
Only for aquite smell amverages below the threshold voltage does one
deal with Townsend currents. For the present conditions (compare
chavter three) the two forms of discharge which are of a different
character will, circumctancesn vermitting, imperce»tidbly change into
one another. The glow discharge csn, therefore, be influenced by
blowing in the seme way as the Townsend discharge; the fields of
calibration curves prove this fact. Therefore, the difference will
no longer be specifically oointed out in the following consideration.

The fivefold increase of the ammerage nbtainable as a maximum
in figures 27, 2R, and 29 is not necessarily an immrovement concerning
the anemometric sensitivity to fluctuation. This is shown by
figures 30, 31, and 32 in which the voltage curves of the fields of
calibration curves of figures 27, 28, and 29 are plotted. Figure 33
shows the evaluation of theze figures with resvect to the anemometric
sensitivity of fluctuation, for the voltage values held at &kv,

10 kv, and 12 kv. Here also the relative ancmometric sensitivity
to fluctuation increases with the stream velocity.

A comvarison with the corresvnonding sensitivities 1o fluctuation
for vlatinum electrndes of 1 millimeter ¢§ and less inhomogeneous
conditions of the field for the same distance of electrodes (3 mm)
results, if one considers both figures 33 and 21. The relative
sensitivity to fluctuation in the strongly inhomegeneous fileld is
more unfavorable by about one vower of ten than for the symmetrical
arrangement of the electrodes of figure 21. Thus, as far as the
anemometric sensitivity to fluctuation is concerned, nothing is
gained by the change to a strongly inhomogeneous Tield 3. On the

S With glow dizcharge.
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contrary, the arrangement has become more unfavorsble by one power
of ten. -

Figure 34 shows the azbsolute anemometric sensitivity to
fluctuation of the arrangement. One obtains roughly for not too
small free—streem velocitles, similar to the theoretical requirement
in the case of the homogeneous field, approximate independence oi
the stream velocity and a higher value for the small voltages. As
results already from the last figure, and as shown by a comparison
with figure 22, the absolute anemometric sensitivity to fluctuation
also 1s more unfavorable by approximately one power of ten than the
arrangements diecussed in the chaptexrs above.

The possibilities of a "one electrods anemometer” (compare
refercnes 3 p. 17) wore considered and in comnection tests were made
with a 1/2-millimoter thick iridium anode end a larger nickel plate
(76 mm ﬁ) a3 cathode; a larger distance hetween the elecirodes
(20 mm, 30 mm, and %0 mn) was selected.

The results of these tests are shown in Tigures 35, 36, and 37.
One notisces at once that here the amperages obtained as a maximum
have again dropped to a relatively small amcunt, namely, once again
to an order of magnitude of 10uA. Furthermore, for the larger
distances of electrodes it is strikirng that the calibration curves
partly intersect. However, thls phencmenon and its consequences
will not be discussed more closely here.

The corresponding voltage curves are plotced in figures 38, 39,
and 40. In figvre 39 in particular the ambiguity stands out ctrongly.
Also, 1t would have to be investigated whether or not for these
arrangements, in particular for the higher voltages and larger
ampereges, a transition to the glow discharge takes place which burns
even after the radiation has been discontinued. Since these questions
are, Tor the mument, nof very interesting, they were not further
elaborated.

8. PREIONIZATION BY MEANS OF X-RAYS

It appears interesting to determine whetlier, circumstances
permitting, more favorable conditions could be obtained by uze of a
modern X--ray tube than by UV--radiation. TFigure 41l and 42 yield
the first measurements taken some time before with an old X—-ray tube.
The amperages that were here obtained as a meximm lie according to
approximate calculation at about 5 ¥ 10-7 amperes.

An essential increase of the amperage was obtained with a
Miller High Performance Metallix Tube (typs No. 25213/01, Filter
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drive tyve No. 37401, maximm voltage 60 kv peak, maximum
permigsible continuous load in watts — 800 with half wave input from
a Grétz — rectifier on 1000 with constant direct curwent) which

was operated with 50 kv and 10 ms and is provided with four
holes foir the exit of the X-rays (fully protected tube). It was
operated with a disk of 1.2 centimeters ¢ and the distance of

the electrodes from the anticathode Wwas 6.2 centimeters.

By means of this tube the families ol calibration curves of
figures L3, U4, and 45 were taken. For platinum electrodes of
1 millimeter ¢ and distances or electrodes of 2 and 2 millimeters
one obtains amperages which again reach a maximum of 10uA exactly
as they could he cbtained with UV-radiation for the most favorsble
conditions. ZFor the larger distance of electrodes the amperage 15
lower by about one half.

The voltage curves peitailning tc the electrocde distances 2
and 3 millimeters ace shown in figures 46 and 47, the voltage curves
pertaining to the large distance of electrodes of 6 millimeters are
distributed on two charts (figs. 28 and 49); figure 48 shows the
lowsr, figure !9 the hi_h vollamges. The stecpness of th3 curves, in
particular for the lower volbages, is striking,

Another carlier pilcture shall be given here of calibration
curves with zinc electrodes of 1 millimeter ¢ and 3 millimeters
distance, this time, however, with a preioniration by X-rays which
are produced for 30 ky and 5 mA tube current (fig. 50). No new
points of view result.

9. SUMMARY

In earlier treatines 1t was shown that by taking grovps of
calibration curves with initial radieticn by UV-lamps, by X-rays and
with radic—active nreparations, as well as developing a theory
based on the concepts of zas kinetics, that the daxk current discharge
can be utilized anemcmetrically (references 1 snd 2).

Frcem the aesrodynamic point of view tiie sizes of the electrodes
were still about 1000 times coo large. The currents were about
10,000 times too small if one almed at fluctuation measurements of
a more delicate character,

In the present treatise a report i3 glven ab~ut un lmprove=-
ment of tue anparetus to abont 10,000,000 tinmes its effectiveness,
With X~rays and with UV-radiation an amplification of the current of
10,000 times was obtained although the c¢ross sections of the
electrodes were, for serodynamic reazons, reduced by about one
one—-thousandth. This result was obtained by development of an ellip -
soidal reflector for the UV-radiation of a mercury high-pressure lamp.
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With the new arrangements, families of calibration curves were
taken under operating conditions of the greatest variety. By
. caleulation of the voltage curves and of the relative and absolute
enemometric sensitivities to fluctuation the opersting propertles
of the instrument for stationary conditions were exhaustively made
clear and the data for the performance of measurements of fluctuation
obtained, :

The testswers at first limited to UV-radiation
arrangements and to arrangements with X--rays as preionizers, " With
respect to order of magnitude about identical conditions resulted
for both kinds of preionization.

Testawith anodes of various materials showsd that no material
gave more favorable conditions than platinum,

Tests in strongly inhomogeneous flelds for, nevertheless, very
small anode — arrengements (iridiwm point versus fine platinum foil
of 3 m ¢ at small distapce) lod 7rom the dark discharge into the
radlating glow dlocharge. The conditions Tox this form of discharge
also were thoroughly investisated by taking several fields of
callbration curves and by calculating the voltage curves az well as
the anemometric sensitivities to fluctvation. Tie latter proved to
be more unfavorable (by one power of ten) for this arrangement than
for the fomer ones., Nevertheless the arrangement gives at leasty
equally faverable conditicns for the measurement of fluctuations
since the currents lie -- viewed absolutely -- by one power of ten
highexr.

As far o the desired measurements of [luctuation are soncerned,
the present treatise brings the result that it ought to be possible ~
in principle, at least — by vsing various methods. to make measure—
ments of minute {luctuations with the devices described; on the
other hand there results quantitatively that the required constance
of all voltage sources as well as the merit of the amplifier for
turbulent frequenciec (particularly with respect to minimizing
capacity) have to satisly extremely high requirements; thus carrying
out the measurement of flucutation just about coincides with the
limit of today's technical possibilities.

Translated by Mary L. Mahler
National Advisory Committee
for Aeronautics
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Figure 49.
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